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Abstract 



^ . Using a unitary extension of chiral perturbation theory with a lowest-order s- 



wave SU(3) chiral Lagrangian we study low-energy meson-baryon scattering in the 
strangeness S = —2 sector. A scattering-matrix pole is found around 1606 MeV 
which corresponds to an s-wave H resonance with = l/2~. We identify this 
resonance with the H(1620) state, quoted in the Particle Data Book with 7 = 1/2 
but with unknown spin and parity. The addition of the S = —2 state to the recently 
computed A(1670), $](1620) and A''(1535) states completes the octet of = 1/2" 
resonances dynamically generated in this chiral unitary approach. 

Since the discovery of the first baryon resonance, the A(1232), over fifty years ago, 
there has been a persistent question regarding the nature of such resonances: Are these 
genuine states that appear as bare fields in the driving term of the meson-baryon scattering 
matrix? Or can they be generated dynamically, i.e., by iterating an appropriate nonpolar 
driving term to all orders, just like the deuteron appears as a bound state when the 
nucleon-nucleon interaction is solved to all orders? Early attempts by Chew and Low to 
generate the A(1232) by iterating a crossed nucleon pole term were eventually overtaken 
by the success of the SU(3) quark models which established the A(1232) as part of the 
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SU(3) ground-state decuplet. The subsequent discovery of over 100 additional baryon 
resonances and their mostly successful incorporation into quark models appeared to have 
settled the question in favor of treating them as genuine fields. However, one persistent 
exception for many years was the lowest-lying S = —1 resonance, the SU(3) singlet A(1405), 
which appeared quite naturally as a dynamical pole in the K~p scattering matrix using a 
variety of approaches (see the discussion in the Particle Data Book H] about the history 
of the A (1405)). The advent of chiral Lagrangians combined with unitarization techniques 
placed these efforts on more solid theoretical grounds [@-|^. Next came the suggestion 
that the iV*(1535), which in some works is considered the = l/2~ chiral partner of the 
nucleon and hence would be degenerate with the nucleon were it not for chiral symmetry 
breaking can also be generated dynamically, extending the same techniques into the 
S = sector P,p|,P-[Tl|. Invoking the same framework but extending it to higher energy. 



Ref. returned the search to the S = —1 sector and identified the A(1670) and S(1620) 
resonances as two additional members of the same = l/2~ octet that appear naturally 
within the chiral unitary framework. 

The purpose of this paper is to extend this chiral approach with unitarization yet again 
to the 5* = —2 sector and demonstrate that the last remaining member of the lowest- 
lying = l/2~ octet, an s-wave H* resonance, can indeed be found as a pole in the 
appropriate meson-baryon scattering matrix. The experimental situation of the S = —2 
low-lying S resonances is rather unclear. There is a well-known p-wave state, the P13 
2(1530) resonance, with I{J^) = 1/2(3/2+), which has a 4-star rating in the Particle Data 
Book |jl|. Next come the S(1620) and 2(1690) resonances which are rated with one and 
three stars, respectively. While an isospin value of / = 1/2 is quoted for both resonances, 
the spin and parity of these states have not been measured. In the present paper we present 
arguments that the S(1620) corresponds to the lowest-lying = l/2~ octet of baryon 
resonances generated dynamically through multiple scattering of meson-baryon pairs in a 
coupled-channels approach. 

The states are generated in the following way. One constructs the set of coupled 
channels from the octets of ground-state baryons and pseudoscalar mesons and, using the 
SU(3) version of the chiral Lagrangians for mesons and baryons [jrB|-0, one implements any 
of the unitary extensions of chiral perturbation theory to generate the scattering amplitudes 
connecting the various channels. Recent unitary extensions of chiral perturbation theory 
{UxPT) rely upon the inverse amplitude method of Jl^ extended to coupled channels |]18| 
or the N/D method including explicit fields of genuine resonances (which would survive 



in the large Nc limit) [jT9|, also used in |^ to study vriV scattering. This latter method 



was also used in p to study the low-energy interaction of antikaons with baryons and it 
was found to be equivalent to the formalism used in |^ to study the same problem using 
the Bethe-Salpeter equation with coupled channels, with the difference that the loops were 
regularized in with dimensional regularization, while a cutoff was applied in [Q. 

In order to search for a S resonance we follow closely the work of Ref. |T^, where the 



A(1670) and ZI(1620) resonances were discovered in the 5* = —1 channel. Here we focus on 
the S = —2 sector for which, as an example, the zero-charge states of the coupled-channels 
framework are vr+S", 7r°S°, K^A, if~E+, K^T,^ and 77^°. We solve the coupled-channels 
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Bethe-Salpeter equation for the scattering amplitude 



T=[l-VG]-^V, (1) 
where the driving (kernel) V matrix, 

is obtained from the the chiral Lagrangian for the meson-baryon interaction at lowest order 
and Cij are SU(3) coefficients. The (diagonal) matrix G in Eq. (|l|) accounts for the loop 
integral of a meson and a baryon propagator and depends on the regularization scale, /i, 
and a subtraction constant for each channel, a^, that comes from a subtracted dispersion 
relation. The explicit expression of G can be found in Refs. P,|l2[. The regularization scale 
/i is of course arbitrary but the subtraction constants depend on it. 

In the present work we use the isospin basis, which contains the states ttS, KK, KH and 
rj'E for isospin 7 = 1/2 and the states vrS and KTj for isospin / = 3/2. For the particular 
isospin 1 = 1/2 case needed in the present study, the coefficients Gij have the values shown 
in Table We have four different subtraction constants, namely a^^^, a^^, a^/^ and a^^. 
Assuming that the regularization scale /i gives the size of the maximum momentum in the 
cutoff regularization method, then the values of ai can be deduced approximately from 
and they are found to be of the order of —2 when a cutoff of 630 MeV is chosen as done 
in [Q. This value for the subtraction constant is what is called a magnitude of natural 
size in , since it corresponds to using cutoffs of the order of 1 GeV which are considered 
natural in the chiral approaches. We point out that the choice of the coefficients ai accounts 



for contributions of higher-order Lagrangians to the process, as shown in WE . 



Table 1 : Coefficients Cij of the meson bcLryon ctmplituciGS for isospin / — 1/2 (^Cji — ^ij') 
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In the study of 5* = — 1 resonances performed in |12| the ai parameters were extracted by 
matching the results to those of |Q and the range of values obtained, from —1.84 to —2.67, 
serves as an indication for what we might assume as reasonable natural size parameters 
in the present S = —2 study. We search for poles in the second Riemann sheet of the 
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scattering amplitude, focussing on the elastic ttH ttH amplitude in the 1=1/2 channel. 
As a trial run we set the four values of the subtraction constants to a value of —2 and 
we discover a pole at 1607 + il40 MeV. This would lead to a width around 280 MeV, 
unacceptably large compared to those of the two 1=1/2 resonances of interest, the S(1620) 
and the H(1690), which are reported to be of the order of 50 MeV or less. The mass of the 
particle, around 1607 MeV, would be closer to the S(1620) resonance. 

Allowing the subtraction constants ai to change within a reasonable natural range, 
we obtain the results shown in Table ^ Only a^s and are varied, since we find the 
couplings of the resonance to the KT, and rjE states to be very weak and therefore the results 
are insensitive to the subtraction constants corresponding to these two channels. The values 
of the couplings, calculated from the residue of the diagonal scattering amplitudes 0], are 
also shown in Table H 



Table 2: Resonance properties for various sets of subtraction constants 
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The second and third columns in Table ^ show that a change of 10% in the subtraction 
constants a,rH and ap^j^ modifies the mass of the resonance only slightly but has a larger 
influence on the width. Investigating the dependence of the results on the values of these 
two subtraction constants we observe that the mass of the resonance is confined to a 
range around 1600 MeV. The width, on the other hand, can be reduced considerably by a 
simultaneous increase of the strength of and a decrease of ci/fA, while keeping both of 
them negative and still reasonably close to the reference value of —2. In the last column we 
see that the width can be reduced to 130 MeV with acceptable values for the coefficients. 
While this width might still appear as grossly overestimating the experimental ones, we 
show below that this is not the case. 

Since the S(1620) resonance decays only into vrS final states, it is experimentally visible 
through the ttS invariant mass distribution in reactions leading, among others, to vr and S 
particles. Our calculated distribution, displayed in Fig. |I|, shows a very interesting feature, 
namely a smaller apparent width compared to the one obtained at the pole position. For 
instance, for the values of the subtraction constants in the last column of Table we 
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Figure 1: The ttS invariant mass distribution as a function of the center-of-mass energy, 
for several sets of subtraction constants. Sohd hne: a.^^ = —3.1 and = —1.0; Dashed 
hne: a^rH = —2.5 and a^^^ = —1.6; Dotted hne: a^rH = —2.0 and a^^^ = —2.0. The value of 
the remaining two other subtraction constants, and a^=, is fixed to —2.0 in all curves. 



see in Fig. || (solid line) an apparent Breit-Wigner width of around 50 MeV and a shape 
for the distribution which resembles the experimental peaks observed. This well-known 
phenomenon, usually referred to as Flatte effect |^ , is due to the presence of a resonance 
just below the threshold of a channel to which the resonance couples very strongly. In our 
case the KA channel opens at 1611 MeV and, as shown in Table |^, the resonance couples 
very strongly to that state. What actually happens is that at an invariant energy close 
to the resonance mass the amplitude is given essentially by the inverse of the resonance 
width. As soon as the threshold is crossed, the new channel leads to an additional energy- 
dependent contribution for the width which grows very rapidly with increasing energy. 
This produces a fast fall-off for the amplitude, leading to an apparent width much smaller 
than the actual width at the pole. This phenomenon has been observed, e.g., in the case 
of the ao(980) meson resonance as discussed in Refs. [0,|19 . 



The question now arises which of the two / = 1/2 candidates should be identified 
with the resonance obtained here. The value found for the mass of the state would suggest 
identification with the S(1620). The experimental situation regarding this 1-star resonance 
is the following: Three experiments see the resonance in the Htt spectrum in reactions where 
K~p goes to three or four particles in the final state, including Svr [p^-p^. Taking into 
account the experimental errors of all experiments, the resonance mass is found in the 
range 1600 — 1640 MeV and the width in the range 15 — 50 MeV. 

The S(1690) state is better known and is rated as a 3-star resonance. Even if the spin 
and parity are unknown, there is far more information available for this resonance than 
for the S(1620) Ref. ||2^ gives ratios of partial decay widths having sufficient accuracy 
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for us to draw conclusions from the properties of the S resonance found in this work. We 
therefore investigate whether the parameters of the theory provide enough flexibihty to 
produce a pole with a real part closer to 1690 MeV, since the results of Table |^ show that, 
by decreasing the size of 0,^= or a/f^! oii^ increases the mass of the resonance. However, the 
presence of the KK threshold leads to mass values that stabilize around the cusp of this 
threshold for a certain range of the parameters. Continuing to change the ai parameters 
beyond this range leads not to an increase of the resonance mass but to a disappearance of 
the pole -and with it the resonance- entirely. The above argument clearly favors identifying 
the resonance found here with the S(1620) state. 

The other argument in favor of the S(1620) assignment is the following: The results 
of Table ^ show that the resonance couples strongly to the vrS and the KK channels but 
very weakly to and rfE. This is opposite to the observed properties of the S(1690) 
resonance, for which Ref. |25] gives a ratio of branching ratios for KT, to KK around 3 
and for vrS to KTj of less than 0.09. In our opinion, this argument rules out identifying 
the resonance found here with the S(1690) state. 

We also point out here that using QCD sum rules one obtains a = 1/2^ octet of 
excited baryons where the E and the H states appear degenerate and with a mass around 
1620 MeV p6|. Furthermore, the lowest S resonances have been seen on the lattice. 



however, these results do not yet allow any quantitative conclusions |27 



In summary, we find a S resonance with an energy around 1606 MeV and a width 
at the pole position around 100 MeV. Due to a significant threshold effect the apparent 
(Breit-Wigner) width is much smaller and compatible with experimental findings quoted 
in |I| for the S resonances in question. Of the two relevant S states with isospin 1/2, 
the 1-star rated S(1620) and the 3-star rated S(1690), we argued that the S(1690) must 
be ruled out because, on the one hand, it was impossible within our approach to find 
a pole with an energy close to 1690 MeV and, on the other hand, there are large dis- 
agreements between the resonance couplings to meson-baryon states found here and the 
measured partial decay widths to those states [^. The findings presented here indicate 
that overwhelming evidence supports the assignment of the quantum numbers = l/2~ 
to the S(1620) resonance. Thus, the computation within the chiral unitary approach of 
the S(1620), along with its partners, the A^*(1535), the A(1670) and the S(1620), plus the 
A(1405) which largely accounts for the SU(3) singlet, completes the = l/2~ nonet of 
dynamically generated s-wave resonances. Clearly, the special nature of the resonance dis- 
cussed here calls for renewed experimental efforts, especially for the 1-star rated 2(1620), 
S(1620) states. 

Since the SU(3) octet of low- lying = 1/2^ resonances represents the chiral partner 
of the = 1/2+ ground-state octet, the description of these states demonstrates the 
extraordinary power of the chiral unitary approach. That these states should appear 
especially with as simple a driving term as provided by the first-order chiral Lagrangian 
with very few open parameters is truly remarkable and shows that the nature of these states 
is well represented by a cloud of meson baryon components. This would be in principle 
different to other excited states in higher partial waves or higher excitation energy which 
might be better repesented in terms of their quark constituents. 
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